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Successful 18-h acellular extracorporeal perfusion
and replantation of porcine limbs - Histology versus
nerve stimulation
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The current standard for composite tissue preservation is static cold stor-
age (SCS) and is limited to 6 h until irreversible muscle damage occurs.
Extracorporeal perfusion (ECP) is a promising technique for prolonged
preservation, however, functional results have been scarcely researched.
This article assessed neuromuscular function and compared results to his-
tological alterations to predict muscle damage after ECP. Forelimbs of
twelve Dutch landrace pigs were amputated and preserved by 4 h SCS at
4-6 °C (n=6) or 18 h mid-thermic ECP with University of Wisconsin
solution (n = 6). Limbs were replanted and observed for 12 h. Sham sur-
gery was performed on contralateral forelimbs (n = 12). Histology analysis
scored four subgroups representing different alterations (higher score
equals more damage). Muscle contraction after median nerve stimulation
was comparable between ECP, SCS, and sham limbs (P = 0.193). Histology
scores were higher in ECP limbs compared to SCS limbs (4.8 vs. 1.5,
P =0.013). This was mainly based on more oedema in these limbs. In-vivo
muscle contraction was well preserved after 18 h ECP compared to short
SCS, although histology seemed inferior in this group. Histology, therefore,
did not correlate to muscle function at 12 h after replantation. This leads
to the question whether histology or neuromuscular function is the best
predictor for transplant success.
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procedures and the need to transport tissue from donor
to recipient, these procedures cohere with the pressure

Over the years, vascularized composite allotransplanta-
tion (VCA) has gained increasing interest. Since the first
hand transplantation in 1998, more than 100 upper
extremity/hand transplantations have been performed
worldwide [1,2]. Due to the complexity of these

to keep ischaemia time as short as possible. The degree
of ischaemic tissue damage during VCA, but also during
limb replantation surgery, will influence (functional)
outcomes, with decreased muscle and nerve recovery
and possibly an increased risk of acute rejection [3].
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The current gold standard for composite tissue preser-
vation still is static cold storage (SCS) on ice at 4-6 °C,
preceded by a flush with heparin solution or acellular
preservation fluid in case of VCA. SCS is preferably lim-
ited to 6 h since longer periods will lead to irreversible
damage [4]. This damage first occurs in muscle and
nerve, the two most vulnerable tissues to ischaemia [5].
Furthermore, exceeding the tolerable ischaemia time can
also have severe consequences for the recipient, since
ischaemia-reperfusion injury can ultimately lead to mul-
ti-organ failure or even death due to a systemic inflam-
matory response [6,7]. Therefore, the need exists for a
technique that can safely prolong composite tissue
preservation. This will not only improve postoperative
outcomes but also hugely influence logistic aspects, by
increasing the donor pool in VCA procedures or
increase time for stabilization of multi-trauma patients.

Extracorporeal perfusion (ECP) is a relatively new
technique for prolonged tissue preservation, with good
results in the field of organ preservation [8]. During
ECP, the tissue is continuously provided with a preser-
vation solution containing oxygen and nutrients whilst
toxic metabolites are removed [9-11]. ECP has shown
promising results for composite tissue preservation and
effectively increased tissue preservation to 12 or even
24 h in large-animal studies [12-14]. These studies
mostly relied on muscle histology outcomes and are
limited by the lack of functional assessment. Muscle
contraction has only been scarcely researched on muscle
biopsies or in nonreplantation experiments [13,15-17].
It therefore remains unanswered how histology relates
to functional outcome.

This porcine limb replantation study was designed to
assess in-vivo muscle function and compare results to
muscle histology. The results of 18-h limb preservation
with ECP were compared to 4-h SCS and sham surgery.

Twelve female Dutch Landrace pigs were randomly
divided into two study groups. The pigs were sedated,
intubated, and anaesthetized following local protocols.
A bladder catheter was inserted and continuous arterial
blood pressure monitoring was possible through a
femoral artery line. This experiment followed a mid-
thermic perfusion protocol and used a commercially
available acellular solution (University of Wisconsin
machine perfusion solution; UW-mp), based on positive
results in previous experiments with musculocutaneous
flap replantation [18,19]. Primary outcomes were mus-
cle contraction upon nerve stimulation and muscle
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histology. Secondary outcomes were skin perfusion (in-
docyanine green angiography), biochemical parameters,
and limb weight. The use of animals was approved by
the local and national animal experimentation commit-
tee (protocol-number 2016-0034-003) and was in accor-
dance with the European Directive 2010/63/EU for the
use and care of laboratory animals.

Limb procurement

Intravenous prophylactic antibiotics (amoxicillin 20 mg/
kg) were administered before surgery. Pigs were hep-
arinized up to two times the normal activated clotting
time during surgical procedures and up to 1.5 times
between procedures. The experiments were conducted
under sterile conditions. The right forelimb was used as
intervention limb, the left for sham surgery. During
harvest surgery, the median nerve was dissected and
stimulated whilst still intact to obtain a reference value.
The nerve was then transected proximally and amputa-
tion commenced at mid forelimb level, carefully pre-
serving the brachial artery and surrounding veins. With
only the vascular pedicle and bone intact, 0.15 mg/kg
indocyanine green (ICG) was injected into the arterial
line to obtain a reference perfusion pattern. The median
nerve was stimulated again to also obtain a reference
value after nerve transection. Finally, the vascular pedi-
cle was transected followed by an exarticulation of the
limb at elbow level. This level was cautiously chosen to
obtain an adequate volume of muscle in the amputate.
The limb was weighed on a digital scale. The brachial
artery was cannulated with the largest possible sheath
(5-6Fr) and flushed with 200 ml heparinized saline
solution (200 IU heparin per 100 ml).

Limb preservation — SCS group

A total of six limbs was preserved by SCS. Following
the flush, the sheath was removed from the artery.
These limbs were stored for 4 h in dry gauzes in two
sealed bags in water on ice to reach a temperature of
5 £ 1 °C (static cold storage group, SCS).

Limb preservation — perfusion group

Six limbs were attached to the extracorporeal perfusion
set-up and continuously perfused for 18 h with 11 of
oxygenated UW-mp solution (perfusion group, Fig. 1)
[18]. To reduce oedema, 40 mg methylprednisolone
was added to the solution. The solution was cooled to
8-10 °C according to the

manufacturer’s recom-
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mendations (Heater-cooler HCU30; Macquet, Hilver-
sum, The Netherlands). The centrifugal pump (BP-50
Bio-Pump® Centrifugal Blood Pump; Medtronic) was
set to perfuse the limb with a maximum in-line pressure
of 30 mmHg. The hollow fibre oxygenator (Capoid
RX05; Terumo, Leuven, Belgium) continuously added a
carbogen mixture (95% O,, 5% CO,) to the solution.
Perfusion settings were checked hourly, with the regis-
tration of perfusion pressure, flow, and muscle core
temperature (15 mm needle temperature probe;
Myocardial 400 needle temp. probe; MTS40015; Smith
Medical, Rosalyn, the Netherlands). During the preser-
vation period, the pigs remained under general anaes-
thesia. Sham surgery was performed on the contralateral
limbs, which served as an internal control.

Sham surgery

During the sham procedure, limb procurement surgery
followed similar steps to the intervention forelimbs. All
structures were transected, except the brachial artery,
large veins and bone. The median nerve was stimulated
before and after nerve transection, following the stan-
dard protocol. The skin was closed using interrupted
sutures.

Muscle function after prolonged porcine limb preservation

Limb replantation

After 4 h of SCS or 18 h of ECP, limbs were again
weighed. The humeral bone was 1 ¢cm shortened to cre-
ate tension-free Temporary
osteosynthesis was performed using two perpendicular
placed K-wires. The brachial artery and cephalic vein
were microscopically anastomosed to their original ves-
sels. The median nerve was left unrepaired since nerve
regeneration fell beyond the scope of this research. The
15 mm needle temperature probe was inserted into a
deep extensor muscle for continuous temperature con-
trol. Eventually, the skin was closed with interrupted
sutures.

vascular anastomoses.

Measurements after replantation

Limbs were monitored for 12 h after reperfusion whilst
the pig was still under general anaesthesia enabling
repeated measurements and sampling. Micro-controls
were recorded hourly and involved muscle core temper-
ature, skin colour and Doppler signals. Indocyanine
green angiography was performed every 4 h after reper-
fusion, the perfusion patterns were compared to the
sham limb and to the baseline measurement of the

()

~
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Figure 1 Schematic illustration of the extracorporeal perfusion set-up. The semi-closed perfusion set-up with: (a) the porcine forelimb in the
perfusion box on top of a (b) metal grid, (c) passive venous drainage of the preservation fluid, (d) 15 mm needle probe measuring muscle tem-
perature, (e) collection reservoir, (f) centrifugal pump, regulating in-line pressure at <30 mmHg, (g) the oxygenator, infusing the fluid with a
mix of 95% 0O,, 5% CO,. (h) heater-cooler machine, cooling the fluid to 8-10 °C. (i) Drug administration point/fluid sampling point. (j) Ultra-

sonic flow metre.
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intervention limb before limb amputation. Arterial
blood samples (CK, lactate, pO,, pCO,) were taken
every 4 h from the femoral artery cannula.

Muscle contraction

Nerve stimulation enabled the assessment of not only
muscle function, but the entire nerve-muscle complex
as a functional unit (axons — neuromuscular junction —
fibres). The median nerve was stimulated
directly by two electrodes on a previously marked point
with 2 cm between the cathode and anode (s11b stimu-
lator; Grass Medical Instruments, Quincy, MA, USA).
The lowest voltage of two repeated measurements
needed to obtain a visible flexor muscle contraction was
recorded (Fig. 2 and Video, Supplemental Digital Con-
tent 1, which demonstrates the nerve stimulation proce-
dure). Nerve stimulation was performed twice during
limb procurement and after limb replantation at 2, 4, 8,
and 12 h of follow-up. All surgical procedures and mea-
surements were performed by the same researcher
(ASK).

muscle

Histology

After 12 h of reperfusion, the pig was euthanized using
an overdose of phenobarbital. Both forelimbs were
amputated and the intervention limb was weighed
again. The skin of both forelimbs was removed, the

fascia incised and limbs were fixed in Dbuffered
formaldehyde. A predefined flexor- and extensor muscle
were excised in-to from the intervention and sham
limbs. Cross-sections of these muscles were taken from
the proximal and distal muscle bellies resulting in four
muscle samples per limb. The paraffin-embedded cross-
sections were cut at 3-pm thick and stained with stan-
dard haematoxylin-eosin and Masson trichrome. All
slides were evaluated with light microscopy for ischae-
mia-reperfusion by a blinded
pathologist [14]. A simplified version of the ‘Histologic
injury severity score’ (HISS) as presented by Muller
et al. was used as no specific score is available [12]. All
slides were scored in 10 randomly selected high-power
fields using x20 magnification. Four subgroups of his-
tologic alterations were scored on a scale from 0 (no-
minimal damage) to 3 points (severe damage): intersti-
tial oedema, inflammation, variation in shape and size
of myocytes, and damaged muscle fibres (necrotic + hy-
poxic + phagocytic myocytes). The sum of subcategories
resulted in a total score that ranged from 0 points (no
degeneration) to 12 points (severe degeneration;
Table 1, Fig. 3). The total score per limb was composed
of the mean HISS of the four muscle slides per limb.

induced alterations

Statistical analysis

Descriptive statistics were used to calculate means and
standard deviation per group. The differences between

Figure 2 Nerve stimulation set-up (also see Video, Supplemental Digital Content 1). (a) The median nerve is stimulated directly by two elec-
trodes on previously marked points. The lowest voltage to obtain visible limb movement (flexion) after two repeated measurements are

recorded. (b) The brachial artery.
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Table 1. Histology injury scoring system (HISS) for
hypoxia-induced muscle injury [12,14].

Morphological changes Categories

Interstitial oedema . No significant increase

. Minimal

. Intermediate

. Severe/diffuse

. Not significant

. Minimal

. Intermediate

. Diffuse

. Homogeneous

. Mild heterogeneous

. Intermediate heterogenous
. Severe heterogenous

0-5 myocytes/10 HPF

(20 x magnification)

6-20 myocytes/10 HPF

(20 x magnification)

21-50 myocytes/10 HPF

(20 x magnification)

>51 myocytes/10 HPF

(20 x magnification)

0-4 No/minimal degeneration
5-7 Intermediate degeneration
8-12 Severe degeneration

Inflammation

Variation in shape and size
of myocytes

WN - OWN-—-OWN—-O

Damaged muscle fibres*

Total score

*Damaged muscle fibres: a sum of necrotic, hypoxic and
phagocytic myocytes.

groups for single measurement parameters were anal-
ysed with Kruskal-Wallis with
repeated measures were analysed using mixed model
analysis after an LN-transformation of the data to better
fulfil the assumptions of this analysis. Analyses were
performed in sas 9.4 (SAS Institute Inc, Cary, NC,
USA), P-values of <0.05 were considered statistically sig-
nificant.

tests. Parameters

Baseline characteristics between the SCS and ECP
groups were comparable (Table 2). The mean total ex-
vivo preservation time was 19.8 h in the ECP group
versus 5.5 h of ischaemia in the SCS group (P = 0.002).
All perfused limbs had successful extracorporeal perfu-
sion, with stable pressure <30 mmHg, stable flow (mean
16 ml/min, SD 1.7) and temperature (mean 16 °C, SD
3.4, Fig. 4). The creatinine kinase (CK) level in the
preservation fluid rose to a mean of 15 629 U/l after
18 h of ECP. Lactate levels remained low, with a mean
of 0.7 mmol/l after 18 h of ECP. Following replanta-
tion, the ICG peak perfusion patterns of the

Transplant International 2021; 34: 365-375
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intervention limbs were comparable to the control
images and contralateral sham limb. Small areas of
hypoperfusion tended to resolve within 4 h of reperfu-
sion following the rewarming of the limbs.

Muscle contraction

The mean nerve stimulation threshold to obtain visible
muscle contraction was comparable between limbs after
SCS, ECP and sham limbs (mixed models analysis,
P = 0.193). Sham limbs had a stable muscle contraction
threshold throughout the entire follow-up period with
values between 4.3 and 4.9 mV. The mean contraction
threshold after replantation of SCS limbs ranged
between 4.0 and 5.4 mV and showed a small increase at
2 h after replantation. UW-mp perfused limbs had con-
traction thresholds between 4.1 and 9.3 mV with a sta-
tistically significant increase at 2 h after replantation
(Kruskal-Wallis, P = 0.038). However, values decreased
to reach their original values between 4 and 8 h after
replantation. When comparing the muscle contraction
thresholds at the end of the experiment, there were no
differences in strength of stimulation needed to reach
visible muscle contraction between the three groups
(Fig. 5).

Histology

The mean histology score was 0.4 in sham limbs in the
perfusion group and 0.8 in sham limbs in the SCS
group (P = 0.786). When comparing the intervention
groups, the mean histology score was higher in the ECP
group (4.5) compared to the SCS group (1.5; Kruskal—
Wallis, P = 0.013). This difference in histology scores
resulted from a significantly higher sub-score for
oedema in ECP limbs (P = 0.003). The other sub-scores
showed high individual variation and did not show sta-
tistically significant differences; muscle fibre damage
(P =10.147), variation in cell shape and size
(P =0.074), and inflammation (P = 0.859, Fig. 6).
Overall, all intervention limbs showed preserved muscle
architecture and minimal to intermediate muscle dam-
age.

Biochemical parameters

The mean CK was higher after replantation of ECP pre-
served limbs compared to SCS preserved limbs
(P = 0.006, mixed models analysis, Fig. 7a). Mean arte-
rial lactate levels remained below 1.1 mmol/l at all times
and were comparable between SCS and ECP (P = 0.429,

369

© 2020 The Authors. Transplant International published by John Wiley & Sons Ltd on behalf of Steunstichting ESOT.



Kruit et al.

.59 @f
o) f )
100'um
(c)
X
S
|
100 um

Figure 3 Haematoxylin-eosin stained muscle samples showing histological alterations as scored in the modified Histology Injury Severity Score
(HISS). (a) Muscle sample showing marked interstitial oedema and variation in muscle fibre size. Limb no. 13 from ECP group; HISS oedema
score 3, HISS shape/size variation score 3. (b) Muscle sample showing some interstitial oedema and a marked interstitial inflammatory infiltrate,
mainly consisting of neutrophils. Limb no. 3 from SCS group; HISS oedema score 1, HISS inflammation score 2. (c) Muscle sample showing
damaged cells with a hypoxic fibre (*) and multiple necrotic fibres (arrow). Limb no. 3 from SCS group; HISS cell damage score 3.

Fig. 7b). Mean potassium levels equally increased in
both groups after limb replantation and remained
within normal ranges throughout the experiment
(P = 0.401, Fig. 7c).

Limb weight

The mean limb weight was stable during UW-mp perfu-
sion (—2.7%) and static cold storage (+1.6%). At the
end of the experiment, there was a small and compara-
ble limb weight increase in both groups (SCS + 11.6%;
ECP + 18.6%, P = 0.180 on Kruskal-Wallis analysis).
Macroscopically, there was no significant limb oedema

Table 2. Baseline characteristics (mean, SD) of the static
cold storage (SCS) and extracorporeal perfusion (ECP)
groups and their corresponding P-values.

SCS ECP

Mean, SD  Mean, SD  P-value
Pig weight (kg) 68, 2.4 71, 3.9 0.879
Limb harvest time (min) 209, 38.6 207, 15.9 0.937
Flush time (min) 11,29 13, 3.1 0.765
Replantation time (min) 90, 21 102, 7.1 0.310
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after ECP. After 12 h of reperfusion, oedema macro-
scopically tended to develop mostly in the subcutaneous
layer of the limbs.

In this study, six porcine forelimbs were successfully
replanted after 18 h of acellular mid-thermic ECP. The
muscle contraction thresholds after limb replantation in
this group were comparable to that of sham limbs and
to the current preservation standard of short SCS. To
our knowledge, this is the first large-animal experiment
that assessed in-vivo nerve stimulation after replantation
of limbs preserved by ECP. In contrast to neuromuscu-
lar function, histological analysis at 12 h after replanta-
tion showed more ischaemia-reperfusion related
alterations in the ECP group compared to the SCS and
sham groups, and especially more interstitial oedema.
This unexpected difference warrants further analysation.

A simple but effective set-up was used to assess mus-
cle contraction thresholds stimulation.
When nerve stimulation is performed within the win-
dow of a maximum of 3 days after nerve transection, it
remains unaffected by Wallerian degeneration [20].

upon nerve

Transplant International 2021; 34: 365-375
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Figure 4 Mean perfusion parameters measured hourly during continuous oxygenated extracorporeal perfusion with UW-mp solution (n = 6).
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Time (h)
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Preservation
group
BSCs

BMECP
M Sham

Figure 5 Mean threshold for visible muscle contraction upon median nerve stimulation per group over time. *Significant increase in the ECP

group (P = 0.038).

Nerve stimulation was not performed during preserva-
tion since the low temperature would have affected the
excitability [21]. Other factors that could influence
nerve conduction were measured, such as limb tempera-
ture and oedema. Eventually, their influence on muscle
contraction was negligible and outcomes were not cor-
rected for these factors. Interestingly, nerve stimulation
values were increased in ECP limbs at 2 h of

Transplant International 2021; 34: 365-375

reperfusion, to reached normal values again after 4-8 h
of reperfusion. This transient decrease in neuromuscular
response could be explained by an increased extracellu-
lar potassium concentration during limb preservation,
leading to reduced cell excitability. Jennice et al. [22]
previously described this phenomenon after 3 h of rab-
bit limb ischaemia, followed by near-normalization after
1.5 h of reperfusion. ECP with the potassium rich UW-
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Figure 6 Mean histology injury severity sub-scores (0-3) of the flexor
and extensor muscle samples at 12 h after limb replantation. *Statis-
tically significant difference (P = 0.03).

mp solution could have possibly aggravated this pro-
cess.

In contrast to neuromuscular function, histology
scores were higher in limbs preserved by ECP compared
to the other groups. Therefore the correlation between
muscle function and histology could not be determined
in this experiment. Hypotheses for the mismatch
between muscle function and histology in this experi-
ment are: (i) the used histological scoring system over-
damage, (ii) the observed
differences in histology scores are ‘true’, but clinically
less important for muscle function than we previously
thought or (iii) the chosen nerve simulation method is
not able to detect these smaller differences in muscle
vitality. The last hypothesis was considered less likely,
following the results of a pilot experiment on three
limbs. One of the limbs showed acute arterial thrombo-
sis after replantation. The nerve stimulation thresholds
in this limb showed a rapid and ongoing rise after the
onset of the thrombosis (from 4 to >150 mV). To fur-
ther explore the relation between histology and muscle
function, replantation studies with a longer follow-up
need to be conducted.

Several points that affect objective muscle histology
outcome scoring need to be addressed to further
explore this ambivalence. Firstly, a standardized method
for the histological scoring of ischaemia-reperfusion
injury in muscle tissue is lacking. Most histological fea-
tures are nonspecific, making it hard to determine
exactly which histological changes are attributable to
true muscle damage and which are not (e.g.

estimated true muscle
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vacuolization, interstitial oedema). This results in a
large heterogeneity in scoring systems between research
groups, making it hard to objectively compare results
[9]. In this article, a simple system was proposed,
enabling a systematic scoring on several items. The
items can be separately analysed to determine which
categories are most predictive for true muscle damage.
The second point to be addressed is that ischaemia-
reperfusion injury seems to present as a heterogenous
phenomenon in skeletal muscle [5,14]. The microscopi-
cal evaluation of muscle cross-sections showed diffusely
spread areas of ischaemic damage, surrounded by well-
preserved areas. Therefore, single muscle biopsies seem
to be insufficient to evaluate ischaemia-reperfusion
muscle damage in an experimental setting. We recom-
mend to evaluate a larger area of muscle or at least
obtain multiple biopsies per time point.

Biochemical markers for muscle damage (creatine
kinase and potassium) were increased after limb replan-
tation in our experiment with persistently higher CK in
ECP preserved limbs compared to SCS. Interestingly,
Dureas et al. [23] described similar results during
blood-based perfusion of porcine limbs. CK levels
increased to >27 000 U/l after 12 h of ECP, but muscle
contraction upon stimulation also remained completely
preserved. However, there are other articles that
describe lower levels biochemical markers in the ECP
group. For instance, Krezdorn et al. [14] found signifi-
cantly lower levels of potassium and myoglobin follow-
ing porcine limb replantation after 24-h ECP compared
to 4-h SCS, despite of increased levels during ECP. The
shorter anaesthesia time in the SCS group in this exper-
iment might have possibly influenced the CK levels in
porcine blood, especially since pigs tend to develop
muscle spasms during anaesthesia. The predictive value
of biochemical markers for the estimation of muscle
damage or functional results to date remains unclear. A
cut-off value for muscle damage using these biochemical
markers is yet to be determined.

The observed weight increase of 19% in the current
experiment is low compared to other research; Krezdorn
et al. reported a 42% weight increase and Kuckelhaus
et al. a 44% increase in similar set-ups using modified
STEEN resp. Perfadex solution [14,24].

Disadvantages of this experiment were the small sam-
ple size and the short follow-up after limb replantation.
Animals were anaesthetized during the entire experi-
ment. An animal survival study with long follow-up
remains a future goal but was not yet found ethically
approvable by the animal ethical committee based on
currently available evidence. The follow-up period of

Transplant International 2021; 34: 365-375
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Figure 7 Biochemical parameters during the experiment, mean per group. (a) Mean CK levels per group over time, showing higher levels in
the perfusion preserved limbs after replantation (porcine reference values: 153-5427 U/l), (b) mean lactate levels per group over time (porcine
reference values: unknown), (c) mean potassium levels per group over time, showing an equal increase after replantation in both groups (por-

cine reference value: potassium 3.7-6.1 mmol/l) [26].

12 h after replantation was based on the fact that the
majority of vascular compromise occurs within this per-
iod [25]. The experiment therefore only assessed the
acute postreplantation phase and results need to be
interpreted accordingly. This research was not able to
assess nerve recovery or limb survival and hypotheses
need to be further explored in experiments with a
longer follow-up. Since the focus of this experiment was
to assess the effect of prolonged ECP on histological
and neuromuscular function and not to investigate the
immune reaction following tissue transplantation, an
autologous replantation model was used to rule out any
bias from transplantation reactions.

This research adds important new information to the
existing evidence promoting extracorporeal perfusion as
a safe technique for prolonged tissue preservation.
Interestingly, despite of the short follow-up, a discrep-
ancy in outcomes was found between nerve stimulation

Transplant International 2021; 34: 365-375

and histology, where neuromuscular function remained
intact but histology showed more damage in ECP pre-
served limbs. Further exploration of this funding is sug-
gested as the focus of future investigation with a longer
follow-up. Next steps would include a large-animal sur-
vival-experiment with a follow-up of at least one week,
assessing in-vivo muscle response to nerve stimulation
(up to 3 days) and whole muscle contractibility and
comparing results to histology. Long-term clinical
appearance and limb function could then both be used
to further refine the histological assessment scale to
match limb viability.

Six limbs were successfully replanted after 18 h of ECP
with UW-mp solution. This is a 3-fold elongation of the
current maximum static cold storage time. Although
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histology results in ECP preserved limbs seemed to be infe-
rior to 4-h SCS, muscle contraction thresholds were com-
pletely preserved at the end of the experiment with
outcomes comparable to the current gold standard of limb
preservation and to sham limbs. Histological findings
therefore did not seem to correlate to neuromuscular func-
tion at 12 h after replantation. This leads to the question of
whether histological features or functional measures (or a
combination) are the best predictors for transplant success,
which will need to be evaluated in follow-up studies.
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